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ABSTRACT 
T h i r t y  dual  FPS-16 r a d a r  t r acks  of Jimsphere wind senso r s  were 
obtained from Cape Kennedy, F l o r i d a ,  Green River ,  Utah, and P t .  Mugu, 
C a l i f o r n i a .  The RMS values  over two-kilometer l a y e r s  f o r  wind speed 
d i f f e rences ,based  on wind speeds computed over 50-meter i n t e rva l s ,were  
c a l c u l a t e d  f o r  va r ious  e l e v a t i o n  and azimuth ang le s  and s l a n t  ranges.  
The e v a l u a t i o n  w a s  based on d a t a  acquired during normal range opera- 
t i o n s  of the FPS-16 radar/Jimsphere sys  tem. 
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ACCURACY OF WIND DATA OBTAINED BY TRACKING A 
JIMSPHERE WIND SENSOR SIMULTANEOUSLY WITH TWO FPS-16 RADARS 
SUMMARY 
T h i r t y  dual  FPS-16 radar t racks of Jimsphere wind senso r s  were 
obtained from Cape Kennedy, F l o r i d a ,  Green River ,  Utah, and P t .  Mugu, 
C a l i f o r n i a .  The RMS va lues  over two-kilometer l a y e r s  f o r  wind speed 
d i f f e r e n c e s  based on wind speeds computed over 50-meter i n t e r v a l s ,  
ranged from 0.06 t o  1.49 m sec ' l .  Wind speeds from 2 t o  68 m sec'l f o r  
e l e v a t i o n  ang le s  from 85.0 t o  5 .9  degrees and s l a n t  ranges up t o  132 km 
were included i n  the a n a l y s i s .  A l t i t u d e s  covered were from s u r f a c e  t o  
abou t  18 km. 
The means of the  e r r o r s  f o r  the zona l ,  mer id iona l ,  and s c a l a r  wind 
speeds and v e r t i c a l  r i s e  rate were computed f o r  each l o c a t i o n  using the  
a v a i l a b l e  s e t  of RMS e r r o r s  a t  each two-kilometer l a y e r .  A t  Cape Kennedy 
the  mean of t h e  RMS e r r o r s  f o r  seventeen cases  ranged from 0.31 t o  0.37 
m sec ' l ,  whi le  a t  Green River ,  the means of t he  RMS e r r o r s  f o r  twelve 
cases were sma l l e r ,  ranging from 0.17 t o  0.21 m sec''. A t  P t .  Mugu the  
RMS e r r o r  f o r  t he  one case  ranged from 0.24 t o  0.36 m sec''. 
I. INTRODUCTION 
Balloons a r e  used e x t e n s i v e l y  t o  determine upper a i r  wind v e l o c i t y  
p r o f i l e s  . Detai led wind v e l o c i t y  p r o f i l e  measurements, such as those 
provided by the  FPS-16 radar/Jimsphere method [l],  a r e  r equ i r ed  f o r  u s e  
i n  space v e h i c l e s  s t r u c t u r e  and c o n t r o l  s t u d i e s ,  a s t r o n a u t  s i m u l a t i o n  
t r a i n i n g ,  prelaunch s i m u l a t i o n  f o r  space v e h i c l e s ,  and f o r  use i n  
s c i e n t i f i c  i n v e s t i g a t i o n s .  Figure 1 shows the  o p e r a t i o n a l  c o n f i g u r a t i o n  
of t h e  Jimsphere balloon" c u r r e n t l y  used a t  Cape Kennedy, F l o r i d a ;  Green 
R ive r ,  Utah; P t .  Mugu, C a l i f o r n i a ;  Wallops S t a t i o n ,  V i r g i n i a ;  and White 
Sands M i s s i l e  Range, New Mexico. 
E a r l y  experiments (March 1963) [2]  of t he  RMS e r r o r s  obtained from 
dua l  r a d a r  t r acks  (one ba l loon  tracked by two radars) showed v a l u e s  
g e n e r a l l y  l e s s  than 0.5 m sec' l .  
ing appear  i n  the  o p e r a t i o n a l  r ada r  t r ack ing  d a t a  which may produce l a r g e r  
RMS e r r o r s  i n  the  wind d a t a .  Contr ibut ing t o  the  RMS e r r o r s  are  the  con- 
d i t i o n  of the r a d a r ,  t he  o p e r a t o r ' s  experience,  d a t a  e d i t i n g  and r educ t ion  
Occasional ly ,  e r r o r s  due t o  poor e d i t -  
* 
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procedure,  and radar-sensor  geometry ( s l a n t  r ange ) .  It is  d i f f i c u l t  t o  
t h e o r e t i c a l l y  c a l c u l a t e  the magnitude of t he  e r r o r s  because of t he  
unce r t a in  i n t e r r e l a t i o n s h i p  of t hese  and o t h e r  f a c t o r s .  The d a t a  reduc- 
t i o n  procedure used i n  t h i s  a n a l y s i s  is  o u t l i n e d  i n  r e f e r e n c e  2.  
The eva lua t ion  of t he  FPS-16 radar/J imsphere system w a s  based on 
data acquired during normal range o p e r a t i o n a l  use of t he  t r a c k i n g  radar 
because, i f  t h e  system is t o  be r e a d i l y  usab le  a t  v a r i o u s  l o c a t i o n s ,  a n  
e s t ima te  was d e s i r e d  of the o p e r a t i o n a l  sys  tem accuracy wi thou t  imposing 
c o n s t r a i n t s  r e l a t i v e  t o  s p e c i a l  t r ack ing  techniques,  e t c .  S p e c i a l  t r ack -  
ing procedures may provide improved accuracy f o r  t h e  system under some 
condi t ions.  
11. TEST PROGRAM 
The p r a c t i c a l  approach used i n  t h i s  e r r o r  a n a l y s i s  a l l e v i a t e d  t h e  
n e c e s s i t y  t o  e v a l u a t e  the  i n d i v i d u a l  system e r r o r s  and combine them t o  
o b t a i n  a n  o v e r a l l  wind speed e r r o r  r e s u l t i n g  from the  t r a c k i n g ,  da ta  
handling, e t c .  This was accomplished by independently t r a c k i n g  t h e  same 
Jimsphere bal loon w i t h  two radars s imultaneously.  
p r o f i l e s  computed from t h e  t r ack ing  data were then compared. 
The r e s u l t i n g  wind 
Th i r ty  pa i r s  of p r o f i l e s ,  seventeen from Cape Kennedy, F l o r i d a ,  
twelve from Green River ,  Utah, and one from P t .  Mugu, C a l i f o r n i a  were 
obtained. The FPS-16 radar/ Jimsphere sys  tem cons is t s  of a FPS-16 high- 
p r e c i s i o n  t racking radar [3]  and a supe r -p res su re  aerodynamically rough 
m y l a r  sphere,  two meters i n  diameter [l]. 
The RMS e r r o r s  i n  the  computed b a l l o o n  motions ( f o r  a l l  p r a c t i c a l  
purposes, the wind speeds)  were determined by assuming t h a t  each r a d a r  
had the same RMS accuracy.  
bu t  t h i s  is obviously s a t i s f i e d  s i n c e  the  radars ope ra t e  completely 
independently. 
pendent v a r i a b l e s  ( i n  t h i s  ca se ,  i a l l o o n  motion o r  wind speed) having 
RMS e r r o r s  of o1 and o2 i s  given by the r e l a t i o n  [ 4 ] :  
Independence is a l s o  a necessa ry  assumption, 
The RMS e r r o r ,  o1 2, of t h e  sum o r  d i f f e r e n c e  of two inde- 
On the  assumption that bo th  radars have the  same RMS t r ack ing  accuracy,  
then 
2 
where cs is  the  RMS e r r o r  i n  observed ba l loon  motions (wind v e l o c i t y )  
caused f y  the t r ack ing  accuracy of e i t h e r  r a d a r .  
OVERALL AVERAGE 
UyIUaL".. l7- ..n t ; nn (2 )  7728 ??sed t" c a l c u l a t e  PES YFEd e r r c r s  based on winds 
computed over 50-meter i n t e r v a l s  for  each radar t r ack .  Eighty-one d a t a  
p o i n t s  were used  t o  c a l c u l a t e  t h e  RMS e r r o r s  over each two-kilometer 
l a y e r .  The ind iv idua l  t es t  r e s u l t s  are given i n  Appendix A f o r  Cape 
Kennedy, F l o r i d a  and Appendix B for  Green River ,  Utah. Appendix C l i s t s  
the  t e s t  number, d a t e ,  time ( Z ) ,  and r a d a r  f o r  the simultaneous dual  
t r a c k s  of a s i n g l e  ba l loon  senso r .  
0.31 
The RMS e r r o r s  as a f u n c t i o n  of a l t i t u d e  and s l a n t  range a r e  sum- 
marized f o r  each l o c a t i o n  Cape Kennedy, Green River ,  and P t .  Mugu. 
111. TEST RESULTS 
A. Cape Kennedy, F l o r i d a  
Appendix A contains  the RMS e r r o r s  f o r  zonal (V,), meridional  (V,), 
scalar ( V ) ,  and v e r t i c a l  (V,) wind speeds as a f u n c t i o n  of azimuth ang le  
(@), e l e v a t i o n  ang le  (e ) ,  and s l a n t  range (r). The RMS e r r o r  d a t a  were 
c a l c u l a t e d  f o r  two-kilometer layers  up t o  about  18 km a l t i t u d e .  
The t a b l e  below gives  the mean va lues  of t he  RMS e r r o r s  obtained 
from the  seventeen Cape Kennedy t e s t s .  The d i s t a n c e  between Cape 
Kennedy's FPS-16 radar (1.16) w i t h  M e r r i t t  I s l a n d ' s  TPQ-18 (19.18), 
and P a t r i c k  Am's TPQ-6 (0.18) i s  11,535 and 28,499 meters ,  r e s p e c t i v e l y .  
/ A l t i t u d e  I n t e r v a l s  I Mean of RMS Er ro r s  (17 Cases) 
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Figure 2 con ta ins  a p l o t  of t h e  s l a n t  range v e r s u s  e l e v a t i o n  a n g l e  
d a t a  from 1 7  dual  Jimsphere t r acks  a t  Cape Kennedy. The numbers above 
t h e  X ' s  a r e  t h e  RMS e r r o r s  of wind speed. The f i g u r e  shows t h a t  up t o  
a s l a n t  range of 30 km, while  t h e  e l e v a t i o n  ang le s  were between approxi-  
mately 83 and 13 degrees ,  depending on the  wind speed, t h e  wind speed 
RMS e r r o r s  a r e  we l l  below 0.5 m sec'l.  From 30 t o  70 km s l a n t  range,  t h e  
e l e v a t i o n  angle  ranged from 25 t o  9 degrees and the  RMS e r r o r s  were 
u s u a l l y  under 0.5 m sec ' l .  During these  o p e r a t i o n a l  t e s t s ,  however, a 
few occasional  po in t s  were above 0.5 m sec' l .  From 70 t o  100 km s l a n t  
range,  t h e  e l e v a t i o n  a n g l e  was between 12 and 8 degrees .  A t  t hese  low 
e l e v a t i o n  angles and high s l a n t  ranges,  the wind speed RMS e r r o r  v a r i e d  
from 0.35 m sec'l t o  0.67 m sec' l ,  except  f o r  one case  when t h e  RMS 
e r r o r  was 1.1 m sec'l. This i s o l a t e d  case occurred a t  a s l a n t  range 
of about  70 km and 13  degrees e l e v a t i o n  a n g l e ,  and appea r s ,  from t h e  
d a t a  r eco rds ,  t o  have been caused  by a n  e r r a t i c  radar t r a c k i n g  p e r f o r -  
mance o r  e r r o r  i n  t r a n s c r i b i n g  the  t r ack ing  data r eco rds .  
VX 
m s e c - l  (m) 
From 100 t o  132 km s l a n t  range,  t he  e l e v a t i o n  ang le s  were between 
8.0 and 5.9 degrees.  A t  t hese  ve ry  low e l e v a t i o n  ang le s  and l a r g e  s l a n t  
ranges (minimum e l e v a t i o n  ang le  of 5.9 degrees  and maximum s l a n t  range 
of 132 km), t h e  wind speed RMS e r r o r  va lue  v a r i e d  from 0.48 m sec' l  t o  
0.72 m sec - l .  
v a r i e d  from 20 t o  67 m sec''. 
During these  per iods of t h e  t e s t s ,  t h e  wind speeds 
-1 vY v m s e c - 1  m s e c  
B. Green River ,  Utah 
OVERALL AVERAGE 
The table below g ives  t h e  mean va lues  of t he  RMS e r r o r s  obtained 
from the 12 tes ts  a t  Green River ,  Utah. The d i s t a n c e  between the  FPS-16 
0.18 0.17 0.21 
r a d a r s  
255 is  
218 and 219 is 153 m y  while  t h e  d i s t a n c e  between radars 218 and 
53 m. 
A 1  t i t u d e  I n t e r v a l s  I Mean of RMS E r r o r s  (12 Cases) 
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Figure 3 contains  a p l o t  of the 12 d u a l  t r acks  a t  Green River ,  Utah 
w i t h  e l e v a t i o n  ang le s  shown ve r sus  s l a n t  ranges.  The RMS e r r o r  va lues  
f o r  the wind speed are p r i n t e d  above the  X's. The f i g u r e  shows that, 
f o r  s l a n t  ranges up t o  30 km, the e l e v a t i o n  ang le s  range from about  45 
degrees  t o  1 2  degrees .  
From 30 t o  70 km s l a n t  range, t he  e l e v a t i o n  ang le  ranged from 15 t o  9 
degrees .  Within t h i s  r eg ion ,  t he  RMS e r r o r s  were below 0.58 m sec' l .  
From 70 t o  90 km s l a n t  range, t h e  e l e v a t i o n  angles  were between 12  and 
9 degrees  and the maximum RMS e r r o r  was 0.32 m sec'l.  
The RMS values  were w e l l  withon 0.5 m sec-". 
An important t e s t  s e r i e s  i n  t h i s  accuracy s t u d y  w a s  obtained a t  
Green River ,  Utah, where seven Jimspheres were r e l e a s e d  approximately 
one hour a p a r t  on December 12, 1967. Each of t h e s e  r e l e a s e s  w a s  t racked 
by two r a d a r s .  Figure 4 shows t h e  wind speed p l o t t e d  ve r sus  a l t i t u d e  
f o r  t h e s e  seven FPS-16 radarlJ imsphere wind p r o f i l e s .  The f i r s t  p r o f i l e  
i n d i c a t e d  a maximum wind speed of 68 m s e c - l  a t  approximately 10,500 m 
a l t i t u d e .  I n  the  succeeding p r o f i l e s ,  the maximum wind speed may be 
e a s i l y  followed. I n  the  approximate seven-hour e lapsed t i m e ,  t h e  maxi- 
mum wind speed diminished t o  about  45 m sec'l. 
f i l e  f e a t u r e s  show a remarkable p e r s i s t e n c e  from one p r o f i l e  t o  the  
nex t ;  t h i s  has p rev ious ly  been discussed [6] .  The maximum RMS e r r o r  
f o r  t h i s  s p e c i a l  t e s t  s e r i e s  of seven p r o f i l e s  was 0.58 m sec' l .  
The d e t a i l e d  wind pro- 
C. Pt .  Mugu 
The r e s u l t s  of one dual  r a d a r  t r a c k  of a Jimsphere made on March 20, 
1968, are s i m i l a r  t o  the r e s u l t s  obtained a t  Cape Kennedy, F l o r i d a  and 
Green River ,  Utah. 
t h e  e l e v a t i o n  ang le  ranged fram about 27 t o  15 degrees up t o  30 km s l a n t  
range.  
t o  7 0  km s l a n t  range,  t he  e l e v a t i o n  ang le  was between 15  and 10 degrees .  
The wind speed RMS e r r o r  ranged from 0.25 t o  0.65 m s e c - l .  
96.6 km s l a n t  range,  the e l e v a t i o n  a n g l e  was between 10.0 and 9.7 degrees 
f o r  wind speed RMS e r r o r s  of approximately 0.5 m sec". 
t he  wind speed was approximately 65 m s e c - l  a t  about  12.4 lan a l t i t u d e .  
The t a b l e  below and p a r t i c u l a r l y  f i g u r e  5 showsthat 
From 30 The wind speed RMS e r r o r s  were w e l l  below 0.5 m sec". 
From 70  t o  
During t h i s  track, 
5 
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Radar  he igh t  above MSL 12.8 m, d i s t a n c e  between the  FPS 16-radars  
is 207 meters .  
IV .  SUMMARY REMARKS 
RMS e r r o r s  were obtained by t r ack ing  a Jimsphere s imul taneous ly  w i t h  
two FPS-16 radars (or  equ iva len t  f o r  Cape Kennedy t e s t s ) .  T h i r t y  dua l  
t r acks  from Cape Kennedy, P t .  Mugu, and Green River  were conducted t o  
o b t a i n  a b e t t e r  understanding f o r  t h e  o p e r a t i o n a l  accuracy  of t h e  FPS-16 
radar/Jimsphere system. Cont r ibu t ing  t o  t h e  RMS e r r o r  of  t he  J imsphere 
a r e  the  cond i t ion  of  the r a d a r ,  o p e r a t o r ' s  exper ience ,  d a t a  e d i t i n g ,  and 
the  angu la r  p o s i t i o n  of t h e  ba l loon .  
0.5 m sec' l  or less  f o r  t h e  component wind speeds ,  zonal  (V,) and 
meridional  (V ), the scalar wind speed (V) and v e r t i c a l  v e l o c i t y  of t h e  
ba l loon  (V,) f o r  e l e v a t i o n  ang le s  above 10 degrees  and a s l a n t  range of 
100 km. This is  i n  agreement w i t h  a n  ea r l i e r  [2] conclus ion  f o r  the RMS 
e r r o r s  of 0.5 m sec' l  f o r  s l a n t  ranges of 80 km and above 12.9 degrees  
e l e v a t i o n  angle .  
The RMS e r r o r  i s  approximately 
6 
Several  t e s t s  a t  Cape Kennedy were obtained when the  s l a n t  ranges 
were beyond 100 km. From 100 t o  132 km a t  low e l e v a t i o n  ang le s  (8 .0  t o  
5.9 deg rees ) ,  the RMS e r r o r  wind speed e r r o r  values  ranged from 0.48 
t o  0.72 m sec’i. These l a r g e  values  may be a t t r i b u t e d  t o  r a d a r  per- 
formance a t  low e l e v a t i o n  ang le s  and g r e a t e r  s l a n t  ranges.  Spec ia l  
a t t e n t i o n  t o  the  careful .  s e l e c t i o n  of t he  r a d a r  s e t t i n g s  (servo-band- 
width,  e t c . )  and c a l i b r a t i o n s  w i l l  improve the  t r a c k i n g  d a t a  c h a r a c t e r -  
i s t i c s .  This improvement may be d e s i r a b l e  f o r  c e r t a i n  r e s e a r c h  a c t i v i t i e s .  
The v a r i a t i o n  of wind speed e r r o r  w i th  e l e v a t i o n  ang le  is  f u r t h e r  i l l u s -  
t r a t e d  i n  r e fe rence  5. 
The means of t he  RMS e r r o r s  computed from va lues  a t  two-kilometer 
Vy, l a y e r s  up t o  18 km a l t i t u d e  f o r  V,, V, and V were obtained from 
seventeen cases  a t  Cape Kennedy. The range of RMS e r r o r s  w a s  0.31 t o  
0.37 m sec” .  S i m i l a r l y ,  t he  means of t he  RMS e r r o r s  computed from 
twelve cases  a t  Green River var ied from 0.17 t o  0.21 m sec’‘. 
of RMS e r r o r s  was less a t  Green River than a t  Cape Kennedy and the  one 
case  a t  P t .  Mugu had an RMS e r r o r  range of 0.24 t o  0.3, m sec’’. 
The range 
! 
The t h i r t y  dual  t r a c k s  from the t h r e e  ranges i n d i c a t e  t h a t  t he  wind 
measurement system under p r a c t i c a l  o p e r a t i o n a l  c o n s i d e r a t i o n  is ve ry  
dependable and a c c u r a t e .  The t o t a l  a s c e n t  time f o r  the Jimsphere t o  
reach 14.6 km a l t i t u d e  i s  about 50 minutes and 17.5 km a l t i t u d e  about  
60 minutes (Figure 6) .  The use of t hese  d e t a i l e d  wind p r o f i l e s  i n  ae ro -  
space v e h i c l e  and meteorological  s t u d i e s  has improved cons ide rab ly  t h e  
understanding of v e h i c l e  response c h a r a c t e r i s t i c s  [ 7 ]  and meso-meteoro- 
l o g i c a l  phenomena [8]  no t  previously p o s s i b l e .  
7 
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FPS-16 Radar/Jimsphere Tests (Typical) 
1. January 18, 1967 (12002) 
2. August 19, 1967 (13352) 
3. April 17, 1967 (03002) 
4. November 14, 1967 (16002) 
5. November 14, 1967 (19002) 
I 1 1 1 1 1 
10 20 30 40 50 60 
TINE @in) 
Figure 6 .  T i m e  vs  A l t i t u d e  Comparison of Jimsphere Wind Sensor 
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W I N D  PROFILE RMS ERROR DATA FOR SIMULTANEOUS DUAL 
RADAR TRACK OF SINGLE JIMSPHERE 
CAPE KENNEDY, FLORIDA 
Symbol 
zonal wind speed, p o s i t i v e  e a s t  m sec’l 
meridional  wind speed, p o s i t i v e  no r th  m sec’l 
v s c a l a r  wind speed m s e c - l  
vx 
vY 
vz v e r t i c a l  ba l loon  speed, p o s i t i v e  upward m sec’l 
(D azimuth angle  deg 
0 e l e v a t i o n  ang le  deg 
r s l a n t  range m 
Radar Heights above MSL 
FPS-16 (1.16) 1 7 . 1  m 
TPQ-6 (0.18) 18.5 m 
TPQ-18 (19.18) 11.3 m. 
15 
Table A-1 .  Mid-Altitude Average Value of Rada r  Coordinates  


































Location: Cape Kennedy, F lo r ida  T ime :  1300 GMT 
I Mid -A1 t i  tude 
Average Values RMS Er ro r s  A l t i t u d e  I 
(m s e c - l )  
I n t  e rva  1 s 







































Table A-2. Mid-Altitude Average Value of R a d a r  Coordinates 
and RMS Errors  i n  Wind Data as Funct ion of A l t i t u d e  
T e s t  No. : 1790-5 Date: December 2 1 ,  1967 
Location: Cape Kennedy, F lo r ida  Time: 1300GMT 
Mid-A1 t i  t u d e  
Average Values RMS Er ro r s  A 1  t i t u d e  























































$;No d a t a  a v a i l a b l e .  
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Table A-3. Mid-Alti tude Average Values of Radar Coordinates and RMS 




















Location: Cape Kennedy, F lor ida  Time: 1300GMT 
Mid -A1 t i  t u d e  
Average Values RMS Erro r s  A1 t i t u d e  
I n t e r v a l  s 
(m) vx (m sec-l)  
V 
Y 












































1 7  , 386 
27,562 
37 , 697 
45,789 
Table A-4. Mid-Alti tude Average Values  of Radar Coordinates and RMS 
Erro r s  i n  Wind Data as Function of A l t i t u d e  
Tes t  No.: 8426-08 Date: February 1, 1968 
Location: Cape Kennedy, F lor ida  Time: 130CGMT 
RMS Errors  Mid-A1 t i t u d e  Average Values A1 t i t u d e  




















































































1 7  
Table A-5. Mid-Alt i tude Average Values of Radar Coordinates  and RMS 









Tes t  No.: 2780-3 Date: February 5 ,  1968 









Mid-A1 t i t u d e  
Average Values RMS Er ro r s  A1 t i t u d e  
I n t e r v a l s  
(m) 
vX 
:m s e c - l )  
vY 
:m s e c - l )  
- 
@ 




























































Table A-6. Mid-Alti tude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Function of A l t i t u d e  
Tes t  No. : 2780-09 Date: February 9 ,  1968 
Location: Cape Kennedy, F l o r i d a  Time: 1331GMT 
~ 
Mid- A 1  t i  tude 
Average Values  A 1  t i t u d e  
I n t e r v a l s  
(m> 
RMS Erro r s  
v 





















































Table A-7. Mid-Alti tude Average Values of Radar Zoordii-iates aind X.fS 





























8 .24  86,689 
7.69 105,259 
L 
(m sec-l)  
I n t e r v a l s  
(m 1 



































1 Mid -A1 t i  tud e Average Values 
Table A-8. Mid-Alti tude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Function of A l t i t u d e  
Test  N o .  : 6456-08 Date: February 16, 1968 
Location: Cape Kennedy, F lor ida  Time: 1305GMT 
I I 
RMS Errors  
A 1  t i t u d e  I 
I n t e r v a l s  
(m sec  1) (m sec-') 


















































Table A-9. Mid-Altitude Average Values of Radar Coordinates and RMS 








Test  No.: 1460-1 Date: February 26, 1968 



































Mid -A1 t i t ude  
Average Values RMS Errors  A l t i t u d e  
(m sec-') 
I n t e r v a l  s 
(m) vY :m s e c - l )  
- 
0 
(d eg 1 
17.65 









































Table A-10. Mid-Altitude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Function of A l t i t u d e  
T e s t  No. : 1460-2 Date: February 28, 1968 
Location: Cape Kennedy, F l o r i d a  Time: 130CGMT 
Mid-A1 t i  tude  Average Values RMS Errors  A 1  t i t u d e  
I n t e r v a l s  v 



















































Table A-11.  Mid-Alti tude Average Values of Radar Coordinates and RMS 
Erro r s  i n  Wind Data as  Function of A l t i t u d e  
T e s t  No,: 2105-03 Date: March 5,  1968 
Location: Cape Kennedy, F lor ida  Time: 1300GMT 
86.09 
85.09 
A 1  t i t u d e  


























































7 , 902 
18,135 
31 , 642 
47 , 245 
66 , 978 
90,679 
108 , 394 
Table A-12. Mid-Alti tude Average Values of Radar Coordinates and RMS 
Erro r s  i n  Wind Data as Function of A l t i t u d e  
Tes t  No.: 1454-5 Date: March 6, 1968 
Location: Cape Kennedy, Flor ida Time:  1300GMT 
A 1  t i t u d e  

































M i d - A 1  t i t u d e  
Average Values - 
1: 
0 
9 , 479 
22,016 
35 , 714 
52,206 
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Table A-13. Mid-Altitude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Function of A l t i t u d e  
A l t i t u d e  









Test No.: 2688-7 Date: March 11, 1968 
RMS Errors  
V ’  v 
vx Y 
(rn sec-l) (m sec-1) (m sec’l) 
- - - 
0.16 0.11 0.17 
0.25 0.13 0.25 
0.40 0.23 0.41 
0.41 0.28 0.42 
0.57 0.63 0.56 



















11 .29  64,712 
10.36 80,723 14000-15975 0.67 0.68 0.91 
I I I 
+<No data a v a i l a b l e .  
A 1  t i t u d e  







































45 , 958 
54,864 
Table A-14. Mid-Altitude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Function of A l t i t u d e  
Test No.: 2688-8 Date: March 15, 1968 
Location: Cape Kennedy, F l o r i d a  Time: 130GGMT 
22 




















































17 .81  
Table A-15. Mid-Altitude Average Values of Rada r  Coordinates and RMS 
E r r o r s  i n  Wind Data as  Function of A l t i t u d e  
Mid -A1 t i  tude 
Average Values RMS Errors  






















I n t e r v a l s  





















I I 1 
V 









( d e ,  i(d!g)i i) 1 
67.96 15.79 10,997 
Table A-16. Mid-Altitude Average Values of Radar Coordinates and RMS 
Errors  i n  Wind Data as Funct ion of A l t i t u d e  
Test No. : 2272-1 Date: March 20, 1968 
Location: Cape Kennedy, F lor ida  Time: 1 3 0 W T  
~ 
A 1  t i t t l de  




















































Mid -A1 t i t  ud e 

































Table A-17. Mid-Alt i tude Average Values of Radar Coordinates  and RMS 











Test No,: 2990-1 Date: March 21 ,  1968 













AI t i t u d e  




















RMS Erro r s  
v Y 










































APPENDIX B. TABLES B-1 THROUGH B-12 
W I N D  PROFILE L.?S EP.P.QR; DATA FOR SIMULTANEOUS DUAL 
RADAR TRACK OF S I N G L E  JIMSPHERE 
GREEN RIVER,  UTAH 
Symbols 
zonal wind speed, p o s i t i v e  east m sec -1  
meridional  wind speed, p o s i t i v e  n o r t h  m sec'l 
V s c a l a r  wind speed m s e c - l  
Vx 
VY 
v e r t i c a l  b a l l o o n  speed, p o s i t i v e  
upward 
m s e c - l  Vz 
0 azimuth a n g l e  
0 e l e v a t i o n  ang le  
r s l a n t  range 
Radar Height above MSL 
1,568 m. 
25 
Table B-1. Mid-Altitude Average Values of Radar Coordinates and RMS 











Test No.:  10163-01 Date: December 11, 1967 












A1 t i  tude 





















RMS E r r o r s  
VY 






















































67 , 222 
82,192 
90,417 
Mid-Altitude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Function of A l t i t u d e  
Tes t  No.:  10164-01 Date: December 1 2 ,  1967 
Location: Green River,  Utah Time: 1500GMT 
A1 t i t u d e  





















RMS E r r o r s  
VY 










































Table B-3. Mid-Altitude Average Values of Radar Coordinates and RMS 









Test  No.: 10165-01 Date: December 12, 1467 









Mid -A1 t i  tude 
Average Values RMS Errors  A l t i t u d e  I 
(m sec - l )  


























































Table B-4. Mid-Altitude Average Values of Radar  Coordinates and RMS 
Errors  i n  Wind Data as Function of A l t i t u d e  
Test  No.: 10167-01 Date: December 1 2 ,  1967 
04GMT on: Green River ,  Utah Time: : Locat 
A1 t i t u d e  
I n t  erva 1 s 
(m) 
M i d - A 1  t i t u d e  




































8 , 365 
15,363 




77 , 782 
V Y 






































Table B-5. Mid-Altitude Average Values of Radar Coordinates and RMS 























Location: Green River ,  Utah Time : 1908GMT 
Average Values RMS Errors  A 1  t i t u d e  
I n t e r v a l s  
(m) 
vX 
(m s e c - l )  
vY 
(m sec - l )  
V 




































































80.73 75,663 I 
Table B-6. Mid-Altitude Average Values of Radar Coordinates and RMS 
Errors  i n  Wind Data as Function of A l t i t u d e  
Tes t  No: 10169 Date: December 12 ,  1967 
Location: Green River , Utah Time: 2010GMT 
Mid-A1 t i t u d e  
Average Values  RMS Errors  A l t i t u d e  
































































Table B-7. Mid-Alti tude Average Values of Radar Coordinates and RMS 


























(m s e c - l )  
A1  t i t u d e  

































(deg) ( den) (m) 
151.32 14.30 5,800 
137.69 31.12 6,635 
81.86 22.29 14,283 
74.12 15.63 27,385 
75.06 13.13 40,966 
75.67 12.45 52,105 
75.61 12.15 62,449 








































December 12, 1967 
2113GMT 












Table B-8. Mid-Al t i t ude  Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as  Funct ion of A l t i t u d e  
Test  No.: 10171 Date: December 12, 1967 
Location: Green River,  Utah Time: 2205GMT 
A l t i t u d e  I 
I n t  erva 1 s 
(m sec ' l )  
RMS E r r o r s  M i d - A 1  t i t u d e  Average Values 
Table B-9. Mid-Alti tude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Funct ion of A l t i t u d e  
Test No.: 10214-b2 Date: February 13, 1968 


























:m s e c - l )  





























Table B-10. Mid-Alti tude Average Values of Radar Coordinates and RMS 
E r r o r s  i n  Wind Data as Function of A l t i t u d e  
T e s t  No.: 10216-1 Date: February 13 ,  1968 
Location: Green River ,  Utah Time: 1830 GMT 
A 1  t i t u d e  
I n t e r v a l s  
(m) 





+;No data  
30 
"x 






J a i l a b l e .  
RMS E r r o r s  
V 
Y 




















Mid-A1 t i t u d e  









A1 t i t u d e  










U L D L ~ :  D-LL. mia-AiLiruae Average values or Kaciar Loordinates  and RMS 
E r r o r s  i n  Wind Data as Funct ion of A l t i t u d e  
Vx 





























A 1  t i t u d e  







RMS Er ro r s  
- - - - 
0 e r Vx V Y V VZ 
(m sec’ l )  (m sec’’) (m s e c - l )  (m sec’l) (deg) ( deg)  (m) 
0.22 0.15 0.14 0.18 104.77 43.79 2,076 
0.06 53.15 26.65 7,641 0.10 0.07 0.12 
0.14 0.11 0.16 0.09 53.43 16.21 26,445 
52.08 13.63 39,519 0.16 0.18 0.18 0.17 
- - - - - - - 
I -





































Table B-12. Mid-Alt i tude Average Values of Radar Coordinates  and RMS 
E r r o r s  i n  Wind Data a s  Funct ion of A l t i t u d e  
Tes t  N o . :  10218-01 Date: February 13,  1968 
Location: Green River ,  Utah Time: 2035GMT 
Mid-A1 t i t u d e  I Average Values RMS Errors  
3r 

















A - 1 1  
A-12 












27 80- 10 
6656-01 
6656-03 










CAPE KENNEDY, FLORIDA 
Date -
December 18,  1967 
I 1  I t  1 1  
December 21, 1967 
I 1  I 1  I 1  
January 30, 1968 
I 1  1 1  1 1  
February 1, 1968 
1 1  11 I t  
February 5,  1968 
I t  I 1  11 
February 9 ,  1968 
I 1  I 1  1 1  
February 14, 1968 
11  1 1  11 
February 16,  1968 
11  I 1  I I  
February 26, 1968 
I1 I I  11 
February 28, 1968 
I I  1 1  11 
March 5,  1968 
1 1  II 1 1  
March 6,  1968 
11 1 1  1 1  


















































* Distance between r a d a r s  (19.18 and 1.16) is 6.22 n a u t i c a l  mi les  
(11,535 meters ) .  
**Distance between r a d a r s  (1.16 and 0.18) is  15.37 n a u t i c a l  mi les  
(28,499 meters ) .  The TPQ-18(19.18) and TPQ-6 (0.18) a r e  e s s e n t i a l l y  
a n  improved FPS-16 (1.16) [3] .  
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Cape Kennedy,Florida (Continued) 
Date Time (GMT) -Test  N o ,  
2688-5 March li, 1968 1317 
I 1  11 1302 2688-7 
2688-8 March 15,  1968 1300 
I 1  1 1  1300 2688-1 
2626-1 March 1 9 ,  1968 1300 
1300 2626-1 
227 2- 1 March 20, 1968 1300 
1300 
2990-1 March 21, 1968 1300 
1302 2990-1 11 
11 
11 
1 1  I 1  I 1  
1 1  11 I 1  2272-2 














GREEN RIVER, UTAH 
. 
I .  
Table Tes t  No. Date - T i m e  (GMT) Radar 
10163-01 December 11, 1967 1601 218 ik  
II 1601 219 11 I 1  B-1 10163-02 
101 64-01 December 12,  1967 1500 218 
B-2 10164-02 1 1  II I 1  1500 219 
101 65-01 December 12, 1967 1603 218 
II 1 1  II 1603 219 10165-02 B-3  
10167-01 December 12, 1967 1804 218 
1804 219 II 1 1  1 1  10167-02 
B-4 
101 68-01 December 12,  1967 1908 218 
1908 219 101 68-02 I 1  II 11 
B-5 
10169-01 December 1 2 ,  1967 201 0 218 
2010 219 1 1  II 1 1  10169-02 
B-6 
10170-01 December 12, 1967 2113 218 
2113 219 II 11 I 1  10170-02 B- 7 
1017 1-01 December 12, 1967 2205 218 
2205 219 1017 1-02 I 1  I t  11 B- 8 
1631 2 1 p';+ 
1630 255 
10214-01 February 13, 1968 
1 1  1 1  I 1  10214-02 B-9 
10216-01 February 13, 1968 1830 218 
11 I t  1835 255 101 16-02 I 1  B-10 
10217-01 February 13, 1968 1930 218 
II II 1930 255 10217-02 1 1  B - 1 1  
01218-01 February 13, 1968 2035 255 
2030 218 1021 8- 02 I 1  I 1  11 B-12 
~~ 
9: The d i s t a n c e  between FPS-16 r a d a r s ,  218 and 219, is  153 m. 
9:y:The d i s t a n c e  between FPS-16 r a d a r s ,  218 and 255, i s  53  m. 
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PT. MUGU, CALIFORNIA 
Test No. - Date Time(GMT) Radar  
8151 7- 01 March 20, 1968 0127 3001" 
81517-02 I 1  11 II 0126 3004 
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